Abstract
Introduction
This study investigates the variation of regional income within each of five multi-county regions that divide up the state of Oklahoma for the period 1969 to 2012. The objectives of this study are three-fold. First, it is as a test of the hypothesized pattern of long-term development implied by the growth pole cycle theory in Amos [1] [2] that regional income variation diverges after a period of convergence. Second, it is to build upon and enhance the substate analysis of regional income variation undertaken for the state of Oklahoma using data from 1969 to 2008 in Amos and Ireland [3] . And third, it is as a preliminary analysis of the potential impact of the 2008 housing and financial market disruption on long-term regional income variation.
The growth pole cycle theory and the implication for regional income variation have been subject to previous test, most recently in Amos [4] . Evidence suggests that regional income variation began diverging in the United State in the mid-1970s. However, individual states made the transition from convergence to divergence at different times, some early in the 1970s and other in later years, an expected result given that states progress at different rates. Evidence indicates that Oklahoma is among the lesser developed of the 50 states and thus its documented divergence within the latter portion of the time period of analysis provides not only a test of the hypothesis but also the contention that states develop differentially.
Previous analysis of regional income variation has been relegated to either the variation of regional income among states within the entire nation (Williamson [5] , Amos [6] ) or among counties within each state (Amos [4] [6]). This study examines regional income variation within counties that comprise sub-regions in a state, in this case, Oklahoma. This adds a new level of analysis to the study of regional income variation by recognizing the hierarchical internal structure of a state that is likely to exhibit a regional income variation pattern apart from the state pattern.
The housing market collapse in 2008 and resulting financial and economic problems were quantitatively as severe and sustained as anything experienced in the United States since the 1930s Great Depression. The question posed by this study is whether it also qualitatively affected the long-term development process and the observed pattern of divergence. Previous work suggests that short-run economic instability can impact the measured variation of income among counties with states (Amos [7] ).
The Oklahoma Study Area
Oklahoma joined the United States in 1907 and as an agrarian, resource based economy, has generally lagged behind the development of most other states. In 2012, Oklahoma per capital income was about 93% of the U.S. average. Oklahoma typically ranks in the bottom 10% of states for most measures of economic progress and development, such as education and health care. Moreover, analysis of regional income variation in Amos [4] estimated that Oklahoma reached the transition from convergence to divergence in 1990, 15 years after the estimated turning point of 1975 initially identified in Amos [6] .
Like most states, Oklahoma can be separated into different substate regions, differentiated by culture, economy, resources, and production. The counties included in the five substate regions used in this analysis are:
Central The Central Region contains Oklahoma City, the largest metropolitan area in the state and the center of government. The Northeast Region contains the second largest city, Tulsa. The other three regions-Northwest, Southeast and Southwest-have resource and agrarian based economies. In 2012, per capita income for Oklahoma was $40,620. The two metropolitan-centric Central and Northeast Region's per capita incomes were $42,411 and $42,011, respectively. The Northwest Region was the third most prosperous in 2012, coming in at $41,195. The Southwest Region lagged behind at $37,557 and the Southeast trailed all others at $33,197. The relative ranking of these five regions is generally consistent throughout the study period, 1969-2012. It is thus anticipated that the pattern of convergence to divergence would occur first in the Central and Northeast Regions, followed closely by the Northwest and later by the Southwest. The Southeast Region is then expected to exhibit the pattern after the other four, if at all.
State and Regional Trends
Per capita personal income (PCI) in Oklahoma, while trending higher, has historically fallen short of that for the United States. As shown in Table 1 , Oklahoma PCI has been between 80% and 95% of the U.S. PCI. Oklahoma PCI in nominal terms rose from $3329 in 1969 to a level of $40,620 in 2012. In like fashion, the U.S. PCI grew to a value of $43,735 in 2012 from a starting level of $3930 in 1969. However, Oklahoma PCI was 85% of the U.S. average in 1969, rose to 95% in 1980, fell back to 81% by 2000, then increased once again to 93% in 2012. As a major petroleum producer, Oklahoma PCI relative to the national average appears driven largely by the boom and bust of the oil market. Relative gains were achieved from 1969 to 1980, driven by surging oil prices. The bust in the oil market then led to the relative decline in Oklahoma PCI up to 2000. Higher oil prices in the past decade have also corresponded with relative gains in Oklahoma PCI. Table 4 . Mirroring the state trend, all five regions had higher annual growth rates for the 1969 to 1980 period (between 9% and 10.4%), with subsequent decades coming in at lower rates. While the Central, Northeast and Southeast Regions followed the state trend of diminishing growth rates, the Northwest and Southwest Regions both saw lower growth rates in the 1990-2000 period than the 2000-2012 period. Notably, the Central Region, with the highest PCI had the lowest overall growth for the period (5.87%), while the Southeast Region with the lowest PCI also had the highest annual growth rate (6.34%).
Housing Market Collapse of 2008
The most severe economic and financial decline in the U.S. economy since the Great Depression of the 1930s is commonly attributed to the collapse of the housing market in 2007. According to the Bureau of Labor Statistics, the U.S. unemployment rate increased from about 5% in the first few months of 2008 to 10% in October 2009. And according to the National Bureau of Economic Research, while the contraction itself lasted 18 months, ending in June of 2009, the recovery lagged well behind that of other recessions occurring since the 1930s. As late as August 2014, 62 months into the expansion, the U.S. unemployment rate exceeded 6%. This study examines the possibility that the severity of this contraction affected the long-term regional income variation pattern.
Growth Pole Cycle Theory
Economic growth and development is not a smooth, continuous process, but is characterized by temporal surges and spatial imbalances. The growth pole cycle theory discussed in Amos [1] [2] [8] provides an explanation of this process by combining the temporal aspects of long waves or long cycles originally discussed by Kondratieff [9] [10], Schumpeter [11] and van Duijn [12] , with the spatial dimension of Perroux's [13] growth pole analysis examined by Lasuen [14] and Hansen [15] . The growth pole cycle theory indicates that the economy traverses an approximate 50-year "polarization phase" followed by about a 50-year "spread phase". Similar to the growth pole theory, this process involves a fundamental spatial dimension, however, with the added temporal dimension of the long cycle process.
During the 50-year polarization phase, regional incomes diverge as economic activity, productive resources, and wealth are geographically concentrated. During the 50-year spread phase, regional incomes converge as economic activity spreads outward from the concentrated pole to the periphery. Kuznets [16] noted this pattern as the inverted-U of income inequality, in which increases in income inequality (divergence) are followed by decreases (convergence). Williamson [5] adapted the Kuznet's inverted-U hypothesis to regional income variation. The working proposition for both variations of the hypothesis has been that the inverted-U is a one-time phenomenon. The growth pole cycle theory implies that the divergence-convergence pattern is an ongoing process, with convergence subsequently followed by another period of divergence, in the same way that standard, short-run business cycles exhibit repeated periods of expansion and contraction. As such, inequality related to the process of development is characterized more by a mathematical sine curve than a simple inverted-U (Amos [1] ). The pattern of regional income inequality implied by the growth pole cycle theory is illustrated in Figure 1 (Amos [4] ), which extends the basic Kuznet's inverted-U to an additional period of divergence. The conventional pattern of convergence is indicated for segment I, points a to b. The transition to a new period of divergence is found in segment II, points b to c. The subsequent period of divergence is then in segment III, points c to d. Presumably there is then a transition to convergence once again in segment IV, points d to e.
The temporal dimension of this theory suggests that the Great Depression of the 1930s was a transition between the diverging polarization phase and the subsequent converging spread phrase. The spread phase, and convergence, then continued until the late 1970s or early 1980s, which marked the transition to a new diverging polarization phase. Evidence suggests that regional income variation is once again diverging (Amos [4] [17]).
A key reason for periodic periods of divergence then convergence appears to be technological innovations that create major, society-wide structural changes. Previous development-inducing innovations include siliconchip-based computers (the latter fourth of the 1900s), internal combustion powered automobiles (the latter fourth of the 1800s), and steam engine driven manufacturing and railroads (the latter fourth of the 1700s). In each case the production and subsequence diffusion of the technological innovation stimulates economic progress, benefiting some regions more so than others, but also through a process that crosses decades.
Because some regions benefit first, other regions clearly lag behind. In many cases, lagging regions benefit only when the divergence turns the corner to convergence. Throughout the 1900s, the state of Oklahoma typically lagged behind much of the rest of the country. Moreover, some regions within the state of Oklahoma tended to lag behind, not just the country, but also the average for the state.
This study investigates not just regional income variation within the state of Oklahoma in its entirety, but also how five distinctive regions of the state (Northeast, Southeast, Northwest, Southwest, and Central), exhibit patterns of regional income variation. That is, this study analyzes the variation of per capita income among the counties within each of the five regions. 
Methodology and Data
The key to this analysis is the measure of regional income variation initially specified in Williamson [5] Unemployment data are obtained from the Bureau of Labor Statistics, once again for the state and each county. This data includes labor force and number unemployed for the period 1990 to 2012. Ideally unemployment data for the entire study period from 1969 to 2012 would be used in the study, but pre-1990 county numbers are not available. County data are also aggregated into labor force and number unemployed totals to estimate unemployment rates for each of the 5 multi-county regions.
Baseline Analysis
Data are used to estimate two sets of equations. The first set of baseline equations regress regional income variation against income and income-squared for the period 1969 to 2012. Two alternative regression models are estimated:
where: w V is the variation of per capita personal income among the counties in each region weighted by population of the county, and Y = region per capita personal income, measured in thousands (000s). Both equations are initially estimated using OLS, then re-estimated with a first order serial correlation adjustment using a maximum likelihood estimator when deemed necessary.
Equation (1) captures the general trend correlation between per capita income and regional income variation. Equation (2) enhances this general trend by allowing for the possibility of a nonlinear relationship between the variables. The following general statements can be made about convergence-divergence behavior, although other specific cases do exist. Convergence is indicated if β in Equation (1) is negative and significant and/or γ in Equation (2) is negative and significant. Divergence is then indicated if β in Equation (1) is positive and significant and/or γ in Equation (2) is positive and significant. The conventional Kuznet's inverted-U is indicated if β is positive and γ is negative in Equation (2). The onset of a "new" U, with the transition from convergence to divergence, is then indicated if β is negative and γ is positive in Equation (2).
This study hypothesizes that between 1969 and 2012 each of the five Oklahoma regions, moved through the convergence phase of segment I, the transition phase of segment II, and into the divergence phase of segment III of Figure 1 . A key bit of analysis involves an estimate of when each region reached the minimum point of segment II. The quadratic Equation (2) is used to estimate the level of per capita income in which convergence gives way to divergence using the simple formula: 2 β γ − .
Unemployment Analysis
The second set of equations regresses regional income variation against income, income-squared, and the unem-ployment rate for the period 1990 to 2012:
where: w V is the variation of per capita personal income among the counties in each region weighted by population of the county, and Y = region per capita personal income, measured in thousands (000s), and U = region unemployment rate. As with the baseline analysis both equations are initially estimated using OLS, then re-estimated if necessary with a serial correlation adjustment.
This analysis investigates the role that the housing market induced economic decline might have played in the long-term pattern of regional income variation. The question posed by this study is whether economy-wide financial and economic problems disrupt this long-term trend. Figure 2 illustrates the pattern of regional income variation for each of the five regions and the state as a whole. The overall trend for the four-decade period exhibited by the six lines appears to be fairly horizontal, with a slight overall downward trend initially, but somewhat of an upturn in latter years. The Northeast Region, containing the Tulsa metropolitan area, effectively mirrors the trend for the state, tracing a slight upward trend since the mid-1990s. The Central Region, containing the Oklahoma City metropolitan area, also generally mirrors the state trend, with the exception of a state peak in the late 1970s not seen in the Central Region. It also traces a recent upward trend, also beginning in the mid-1990s.
Analysis
The Southeast Region traces an inequality pattern that increases up to the early-1980s, declines until the early2000s then rises once again. The Southwest and Northwest Regions, although with a great deal of year-to-year fluctuations, exhibit general downward trends of reduced inequality until the mid-1990s.
Taken as a whole, the five regions do exhibit general convergence throughout most of the study period, with an apparent pattern of divergence beginning in the mid-1990s and early-2000s. One question that arises from this analysis, is how Oklahoma and its component regions compare with the rest of the country. Previous analysis of all fifty states (Amos [4] [17]), suggests that the general convergence trend ended in the mid-1970s and that divergence continued at least up to the 2000s in several states. Previous analysis also suggests that Oklahoma is one of several states that lagged behind the rest of the country.
As such, if Oklahoma "bottomed out", making the transition from convergence to divergence post mid-1970s, it would not be expected to exhibit a clear-cut pattern of convergence or divergence in the time frame of this analysis. The fact that signs of divergence are indicated in the early-2000s, suggests that Oklahoma made the convergence to divergence transition in the mid-to late-1990s.
Baseline
As noted previously, convergence is indicated if β in Equation (1) is negative and significant and/or γ in Equation (2) is negative and significant. Divergence is then indicated if β in Equation (1) is positive and significant and/or γ in Equation (2) is positive and significant. The conventional Kuznet's inverted-U is indicated if β is positive and γ is negative in Equation (2) . The onset of a "new" U, with the transition from convergence to divergence, is then indicated if β is negative and γ is positive in Equation (2).
Results of the estimation are summarized in Table 5 . Estimating Equation (1) However, the quadratic version of the model in Equation (2) seems to indicate a more definite outcome. The β coefficient remains negative and statistically significant, but with the inclusion of the quadratic term, the γ coefficient is positive and statistically significant, with an R 2 now of 0.6584. These results suggest that the state of Oklahoma was most likely to make the transition from convergence to divergence during the study period.
The focus of this analysis, however, is the differential patterns of income convergence or divergence that were experienced by the five regions of Oklahoma. Table 5 also presents estimates of Equations (1) and (2) for each region. Estimates of Equation (1) These regression results along with the graphical patterns in Figure 2 provide support for the growth pole cycle hypothesis of divergence after a period of convergence. The five regions individually appear to have moved from segment I, through segment II and into segment III of the augmented inverted-U curve in Figure 1 . This raises the question: When did each region make the transition? Again using the simple formula 2 β γ − (from Equation (2) optimization), the per capita income value in which the minimum turning point is reached can be estimated for each region.
The estimated turning points of per capita income for the state and the five regions are presented in Table 6 . The estimated minimum value for the state using the coefficients for Equation (2) is $18,677. Per capita income for Oklahoma was $19,144 in 1995, suggesting that the state reached the transition turning point from convergence to divergence in the mid-1990s, about 20 years after that estimate for the country as a whole. The estimated value for the Central Region is $20,728. This value is consistent with the mid-1990s as well, with per capita income in 1996 at $21,113. Surprisingly the Central Region lagged behind the state, if only by a year, when it is expected to lead the state.
The Northeast Region is the only one reaching an estimated minimum value before the state, with a value of $13,874, consistent with an actual per capita income of $13,965 in 1986. Surprisingly, the least developed of the five regions, the Southeast Region, reached an estimated minimum value turning point only slightly after the Central Region. The $17,270 value is consistent with $17,691 actual per capita income in 1998. west. This analysis of Equations (1) and (2) along with the graphical analysis indicates that the state of Oklahoma and its five regions have quite likely all experienced divergence of regional income variation, albeit decades after the estimated mid-1970s turning point for the country as a whole, a result that is not unexpected. These results also support the hypothesis that substate regions, like states, move through the augmented inverted-U, at different times. One unexpected result is that the lesser developed Southeast Region lagged behind the state and Central Region by only a few years, while the two western regions exhibited a greater lag.
Unemployment
The possible impact of short-run economic instability, such as that resulting from the 2007 housing market collapse, can be investigated with Equations (3) and (4), which add the unemployment rate to Equations (1) and (2), respectively. Expectations are that a higher unemployment rate would have a greater detrimental effect on those with lower incomes and thus increase income inequality. Because county unemployment data used to estimate unemployment rates for the five substate regions are only available from 1990, this analysis focused only on the period from 1990 to 2012. As with the previous analysis, equations are initially estimated using OLS, then reestimated with a one period serial correlation correction when necessary. Results for the state and the five substate regions are presented in Table 7 . As might be expected with only a subset of the original data period, the overall convergence-divergence trend identified previous is not readily apparent. Linear results in Equation (1) for the state and each of the five regions indicate divergence, 0 β > , but only the Southwest Region has statistical significance. R 2 s range from 0.1755 to 0.6729. Estimates of the quadratic baseline equation for this shortened period provide slightly better support for the convergence-divergence transition. In all but two equations, the quadratic term is positive, 0 γ > , and statistically significant at the 0.10 level or better. In the other cases the Southwest Region γ lacks statistical significance and the quadratic term is statistically significant in the Northwest Region but negative. R 2 s range from 0.2249 to 0.7932. Estimation of Equations (3) and (4) generally indicates an overall negative relation between the unemployment rate and regional income variation. In all but the Southeast and Southwest Regions, the unemployment rate coefficient is negative and statistically significant at the 0.05 level or better. The two southern regions display positive signs in three of the four equations but none of the coefficients are statistically significant. R 2 s range from 0.3359 to 0.7957.
This analysis suggests that short-run instability does impact regional income variation. In particular, higher unemployment rates experienced after the 2007 housing market collapse has apparently disrupted the longerterm pattern of divergence, creating convergence and lesser income inequality. This result clearly warrants further study, especially with other states and a longer time period. It also raises the question of whether the unemployment rate variable, while on the surface an apparent detriment to those with lower incomes, might actually reflect a more fundamental process that differentially affected higher incomes during the 2007 downturn.
Summary and Conclusions
This analysis of the variation of county per capita income within the five substate regions of Oklahoma provides support for the hypothesized augmented inverted-U. The inverted-U pattern hypothesized by Kuznets [16] suggests that regional income variation converges after a period of divergence, with no indication of what if anything might occur after convergence. The growth pole cycle theory proposed by Amos [1] [2] implies that convergence is followed once again by divergence. Previous work (Amos [4] [17]) identifies that divergence of per capita income variation at the state level begins in the mid-1970s, with some states, including Oklahoma, lagging behind others.
The graphical and regression analysis presented here is the first to investigate substate regional income variation. It supports previous results of differential lags in the per capita income divergence implied by the augmented inverted-U.
Moreover, inclusion of the unemployment rate in the regression analysis suggests a key role played by short-run economic instability in the longer-run development process. While the analysis period is necessarily shortened due to the lack of unemployment rate data, evidence suggests that further investigation into this relationship is warranted.
